SEMICONDUCTOR DEVICE AND IC CARD INCLUDING THE SAME 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device and an IC card including a 
5 semiconductor device, and particularly relates to a semiconductor device including a 
memory circuit and a voltage supply circuit for supplying a predetermined voltage to the 
memory circuit, and an IC card including the semiconductor device. 

With the recent progress in the semiconductor processing technology, the size of 
elements of constituting a semiconductor device is reduced and at the same time, the 
10 operation voltage of semiconductor devices is reduced. When a chip part formed by the 
recent processing technology is used for a known electric device, an internal voltage 
generated by reducing a power supply voltage for the electric device is used in the chip 
part. 

More specifically, in recent years, as for IC cards including a semiconductor 
15 memory device, a non-contact IC card which receives by an antenna coil an 
electromagnetic wave supplied from the outside of the IC card to obtain a power supply 
voltage has been developed. In such an IC card, it is necessary to supply a stable internal 
voltage to a nonvolatile memory without depending on a variation in a voltage supplied 
from the outside. Hereinafter, as a first known example, a semiconductor memory device 
20 using a voltage reduction circuit for reducing a power supply voltage to generate an 
internal voltage will be described. 

FIG. 8 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a first known example. As shown in FIG. 8, a power supply voltage 
V D d input into a power supply terminal is reduced by a voltage reduction circuit 101 and 
25 then supplied as an internal voltage V ]NT to a logic circuit 102 and a nonvolatile memory 
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103. When a nonvolatile driving signal NCE output from the logic circuit 102 is the "L" 

level, the nonvolatile memory 103 is activated to start an operation. 

In this case, the voltage reduction circuit 101 includes a p-channel output transistor 

Q pn having a gate connected to an output terminal of a differential amplifier circuit 111, 
5 and the power supply voltage V DD input from the power supply terminal is reduced by the 

output transistor Q P1 , to be an internal voltage V 1NX having a lower potential than that of 

the power supply voltage V DD . 

One input terminal of the differential amplifier circuit 111 is connected to a 

reference potential generator circuit 112 for generating a reference potential V REF and the 
10 other input terminal thereof is connected to a voltage divider circuit 113 for generating an 

intermediate potential V MID between the internal voltage V 1NT and a ground voltage V ss so 

that an output potential V ADJ according to a potential difference (V MID - V REF ) between the 

intermediate potential V MID and the reference potential V REF is output. More specifically, 

when the intermediate potential V MID is higher than the reference potential V REF , the output 
15 potential V ADJ makes a transition toward the "H" level, and when the intermediate potential 

V MID is lower than the reference potential V REF , the output potential V ADJ makes a transition 

toward the "L" level. 

The voltage divider circuit 113 includes two resistors R n and R 12 connected in 
series to each other. One terminal of the voltage divider circuit 113 is connected to the 

20 drain of the output transistor Q P11 and the other terminal is grounded. Moreover, a 
connection node of the resistors R n and R 12 is connected to an input terminal of the 
differential amplifier circuit 111. In this case, the voltage divider circuit 113 outputs the 
intermediate potential V MID , i.e., a voltage obtained by dividing the internal voltage V INT 
according to the ratio between respective resistance values of the resistors Rj and R 2 . 

25 Thus, when the internal voltage V INT is reduced, the intermediate potential V Mm 
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becomes lower than the reference potential V REF and then the output voltage V ADJ in the 
differential amplifier circuit 111 makes a transition toward the "L" level. Accordingly, the 
carrier supply amount of the output transistor Q P11 is increased, so that reduction in the 
potential of the internal voltage V INT is suppressed. On the other hand, when the internal 
5 voltage V INT is increased, the intermediate potential V MID becomes higher than the 
reference potential V^p and then the output voltage V ADJ in the differential amplifier 
circuit 111 makes a transition toward the "H" level. Accordingly, the carrier supply 
amount of the output transistor Q PH is reduced, so that increase in the potential of the 
internal voltage V INT is suppressed. 

10 In this manner, the voltage reduction circuit 101 controls the output transistor Q P11 

using the differential amplifier circuit 111, so that change in the potential of the internal 
voltage V INT is suppressed, the internal voltage V INX as a stabilized voltage is generated 
from the power supply voltage V DD , and then the generated internal voltage V INT is supplied 
to the nonvolatile memory 103 serving as an internal circuit. 

15 Moreover, in recent years, a semiconductor memory device in which a control 

circuit for receiving a control signal of the nonvolatile memory 103 to control the operation 
of the voltage reduction circuit 101 is provided to suppress reduction in the potential of the 
internal voltage V INX due to the operation of the nonvolatile memory 103 has been 
developed (see, e.g., Japanese Unexamined Patent Publication No. 5-21738). Hereinafter, 

20 as a second known example, the semiconductor memory device described in the 
publication will be described. 

FIG. 9 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a second known example. In FIG. 9, each member also shown in FIG. 
8 is identified by the same reference numeral, and therefore, description thereof will be 

25 omitted. 
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As shown in FIG. 9, in the semiconductor memory device of the second known 
example, a p-channel compensating transistor Q P12 which receives a control signal output 
by the control circuit 104 at the gate and of which source and drain are connected to the 
source and drain of the output transistor Q Pll5 respectively, is provided. 
5 To the control circuit 104, a nonvolatile memory driving signal NCE is input from 

the logic circuit 102. In this case, when the nonvolatile memory driving signal NCE 
makes a transition from the "H" level to the "L" level, the control circuit 104 is output the 
ground potential V ss during a predetermined period. 

In the semiconductor memory device of the second known example, when a non- 
10 operation state of the nonvolatile memory 103 is changed to an operation state and the 
compensating transistor Q P12 is turned ON, carriers are supplied from the power supply 
voltage V DD to the internal voltage V INX through the compensating transistor Q P12 . Thus, 
reduction in the potential of the internal voltage V INT is suppressed. 

However, in the semiconductor memory device of the first known example, the 
15 internal voltage V INX rapidly falls when the nonvolatile memory 103 is in an operation 
state. Therefore, a problem might arise in operations of the logic circuit 102 and the 
nonvolatile memory 103. 

Particularly, when the semiconductor memory device of the first known example is 
used for a non-contact IC card, a rapid fall of the internal voltage V INT stops the operation 
20 of the nonvolatile memory 103. More specifically, in the non-contact IC card, a power 
supply voltage V DD is supplied to a semiconductor device in the IC card by radio 
communication with a terminal called "reader/writer". A voltage level of the power supply 
voltage V DD is largely changed according to a distance between the IC card and the 
reader/writer. Therefore, in many cases, a semiconductor memory device loaded in a non- 
25 contact IC card is so configured that when the internal voltage V 1NX becomes equal to or 
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lower than a predetermined level by change in the power supply voltage V DD , the circuit 
operation of the nonvolatile memory 103 is stopped to protect data. Accordingly, a 
problem arises in which the operation of the nonvolatile memory is stopped when the 
internal voltage V INT rapidly falls. 
5 To cope with this problem, in some cases, a capacitor with a large capacity is 

provided between the internal voltage V INT and the ground potential V ss . However, with 
this structure, a large area is necessary for forming a capacitor. Accordingly, reduction in a 
layout area for the semiconductor memory device becomes difficult. 

Moreover, in the semiconductor memory device of the second known example, 

10 when the compensating transistor Q Pn is turned ON, the power supply voltage V DD and the 
internal voltage V INX are directly connected to each other. Thus, an excess voltage might 
be applied to the nonvolatile memory 103. Therefore, the semiconductor memory device 
of the second known example is not practical in terms of reliability. 

In this manner, both of the semiconductor memory devices of the first and second 

15 known examples have a problem in which when a non-operation state of the nonvolatile 
memory is changed to an operation state, it is difficult to suppress a rapid fall of the 
internal voltage. 

SUMMARY OF THE INVENTION 

20 It is an object of the present invention to solve the above-described problem and to 

allow a stable voltage supply, even when a non-operation state of the internal circuit is 
changed to an operation state, in a semiconductor device in which a predetermined voltage 
is supplied to an internal circuit. 

To achieve the object, according to the present invention, a load circuit which 

25 consumes the same amount of electric current as the amount of electric current which an 
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internal circuit consumes is provided in a semiconductor device and the internal circuit and 
the load circuit are alternately operated. 

More specifically, a semiconductor device according to the present invention 
includes: an internal voltage supply circuit for generating an internal voltage from a power 
5 supply voltage; an internal circuit which is operated by the internal voltage; a switching 
transistor for receiving at a gate an operation signal output from the internal circuit; and a 
load circuit which is connected to a drain of the switching transistor and consumes the 
same amount of electric current as the amount of electric current which the internal circuit 
consumes during an operation period, and by the operation signal, the switch transistor is 

10 turned OFF when the internal circuit is in an operation state and is turned ON when the 
internal circuit is in a non-operation state. 

In the semiconductor device of the present invention, the load circuit consumes the 
same amount of electric current as the amount of electric current which the internal circuit 
consumes when the internal circuit is in a non-operation state and the load circuit does not 

15 consume electric current when the internal circuit is in an operation state. Thus, even 
when a non-operation state of the internal circuit is changed to an operation state, the 
amount of electric current consumption of the internal voltage is not changed, so that the 
internal voltage can be stabilized. 

It is preferable that in the semiconductor device of the present invention, the load 

20 circuit includes a first resistor. Thus, by adjusting the resistance value of the first resistor, 
the amount of electric current consumption in the load circuit can be adjusted. 

It is preferable that in the semiconductor device of the present invention, the 
amount of electric current which the first resistor consumes is substantially the same as the 
amount of electric current which the internal circuit consumes during an operation period. 

25 It is preferable that in the semiconductor device of the preset invention, the load 
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circuit includes a load adjustment section connected in series to the first resistor. Thus, by 
adjusting a load of the load adjustment section, the amount of electric current consumption 
in the load circuit can be adjusted. Accordingly, even when the amount of electric current 
consumption in the internal circuit varies among semiconductor device, the amount of 
5 electric current of the load circuit can be adjusted so that the load circuit consumes the 
same amount of electric current as the amount of electric current which the internal circuit 
consumes in an operation period. 

It is preferable that in the semiconductor device, the amount of electric current 
which the first resistor and the load adjustment section consume is the substantially the 
10 same as the amount of electric current which the internal circuit consumes during an 
operation period. 

It is preferable that in the semiconductor device, the load adjustment section 
includes a second resistor and a fuse device connected in parallel to each other. Thus, by 
cutting the fuse device, an adjustment can be reliably made so that the amount of electric 

15 current which the first resistor and the load adjustment section consume is the same 
amount of electric current which the internal circuit consumes during an operation period. 

It is preferable that in the semiconductor device of the present invention, the load 
adjustment section includes a second resistor and a transistor connected in parallel to each 
other. Thus, by controlling the transistor, an adjustment can be reliably made so that the 

20 amount of electric current which the first resistor and the load adjustment section consume 
is the same as the amount of electric current which the internal circuit consumes during an 
operation period. 

It is preferable that the semiconductor device of the present invention further 
includes a latch circuit connected to the transistor. Thus, the transistor can be controlled 
25 based on data stored in the latch circuit. 
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It is preferable that in the semiconductor device of the present invention, the switch 
transistor is an n-channel transistor. 

It is preferable that in the semiconductor device of the present invention, the 
switching transistor has a source grounded and a drain connected to the internal voltage 
5 supply circuit via the load circuit. 

It is preferable that in the semiconductor device of the present invention, the switch 
transistor is a p-channel transistor. 

It is preferable that in the semiconductor device of the present invention, the switch 
transistor has a source connected to the internal voltage supply circuit and a drain grounded 
10 via the load circuit. 

An IC card according to the present invention includes the semiconductor device of 
the present invention. 

In the IC card of the present invention, the load circuit in the semiconductor device 
loaded in the IC card consumes the same amount of electric current as the amount of 
15 electric current which the internal circuit consumes when the internal circuit is in a non- 
operation state and the load circuit does not consume electric current when the internal 
circuit is in an operation state. Thus, even when a non-operation state of the internal 
voltage is changed to an operation state, the amount of electric current consumption of the 
internal voltage is not changed, so that the internal voltage can be stabilized. Moreover, 
20 the internal voltage is stabilized without using a capacitor with a large capacity. Thus, a 
highly reliable IC card in which an internal voltage is stabilized without increasing the 
layout area for the semiconductor device can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a block diagram illustrating the configuration of a semiconductor memory 
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device according to a first embodiment of the present invention. 

FIG. 2 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a second embodiment of the present invention. 

FIG. 3 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a third embodiment of the present invention. 

FIG. 4 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a fourth embodiment of the present invention. 

FIG. 5 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a fifth embodiment of the present invention. 

FIG. 6 is a block diagram illustrating the configuration of a semiconductor memory 
device according to a sixth embodiment of the present invention. 

FIG. 7 is a block diagram illustrating the configuration of an IC card according to a 
seventh embodiment of the present invention. 

FIG. 8 is a block diagram illustrating a semiconductor memory device according to 
a first known example. 

FIG. 9 is a block diagram illustrating a semiconductor memory device according to 
a second known example. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

A semiconductor memory device according to a first embodiment of the present 
invention will be described with reference to the accompanying drawings. 

FIG. 1 is a block diagram illustrating the configuration of a semiconductor memory 
device according to the first embodiment. As shown in FIG. 1, the semiconductor memory 
device of the first embodiment includes a voltage reduction circuit 11 for reducing a power 
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supply voltage V DD input from an input terminal to generate an internal voltage V INT having 
a lower potential than that of the power supply voltage, a logic circuit 12 and a nonvolatile 
memory 13 which are operated by the internal voltage V INT , and an current consumption 
control circuit 14 which is operated according to a memory activation signal R ACT from the 
5 nonvolatile memory. 

The voltage reduction circuit 11 includes a p-channel output transistor Q P , in which 
a power supply voltage V DD is applied to a source and an internal voltage V INT is output at a 
drain, a differential amplifier circuit 21 for outputting an output voltage V ADJ according to 
a potential difference between two input terminals to the gate of the output transistor Q P1 , a 

10 reference voltage generation circuit 22 for inputting a reference potential V REF to one input 
terminal of the differential amplifier circuit 21, and a voltage divider circuit 23 for 
inputting an intermediate potential V MID to the other input terminal of the differential 
amplifier circuit 21. The power supply voltage V DD input into the pressure reduction 
circuit 11 is reduced by a constant level by a source-drain resistance in the output transistor 

15 Q P1 and then is output as the internal voltage V INT . 

The differential amplifier circuit 21 outputs an output potential V ADJ according to a 
potential difference (V MID - V REF ) between the intermediate potential V MID and the reference 
potential V REF . More specifically, when the intermediate potential V MID is higher than the 
reference potential V REF , the output potential V ADJ makes a transition toward the "H" level, 

20 and when the intermediate potential V MID is lower than the reference potential V REF , the 
output potential V ADJ makes a transition toward the "L" level. 

The reference voltage generator circuit 22 includes, for example, a plurality of 
resistance elements and a diode connected in series between the power supply voltage V DD 
and the ground potential V ss . When the power supply voltage V DD is equal to or higher 

25 than a predetermined potential, the reference potential V REF , i.e., a substantially constant 
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potential, is output without depending on the power supply voltage V DD . 

The voltage divider circuit 23 includes two resistors K t and R 2 connected in series 
to each other. One terminal of the voltage divider circuit 23 is connected to the drain of the 
output transistor Q P1 and the other terminal is grounded. Moreover, a connection node of 
5 the resistors R, and R 2 is connected to an input terminal of the differential amplifier circuit 
21. 

In this case, when resistance values of the resistors R, and R 2 are assumed to be r, 
and r 2 , respectively, a value for the intermediate potential V M1D output by the voltage 
divider circuit 23 can be expressed as the following Equation 1 . 
10 [Equation 1] 

Vmjd = r 2 / (r, + r 2 ) • 

As shown in Equation 1, the intermediate potential V MID is a value obtained by 
dividing the internal voltage V INX according to the ratio of the resistance values of the 
resistors Rj and R 2 . 

15 Thus, when the internal voltage V INT is reduced, the intermediate potential V MID 

becomes lower than the reference potential V REF and then the output voltage V ADJ in the 
differential amplifier 111 makes a transition toward the "L" level. Accordingly, a carrier 
supply amount in the output transistor Q P1 is increased, so that reduction in the potential of 
the internal voltage V INT is suppressed. 

20 On the other hand, when the internal voltage V INX is increased, the intermediate 

potential V MID becomes higher than the reference potential V REF and then the output 
voltage V ADJ in the differential amplifier 111 makes a transition toward the "H" level. 
Accordingly, the carrier supply amount in the output transistor Q P1 is reduced, so that 
increase in the potential of the internal voltage V INT is suppressed. 

25 In this manner, the voltage reduction circuit 11 functions as an internal voltage 
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supply circuit which controls the output transistor Q P1 by the differential amplifier circuit 
21 to generate, from the power supply voltage V DD , the internal voltage V INT as a stabilized 
voltage and then supplies the obtained internal voltage V INT to the nonvolatile memory 13 
serving as an internal circuit. 

Note that in the first embodiment, a circuit for supplying the internal voltage V INT is 
not limited to the voltage reduction circuit 11 but may be any other circuit which can 
supply a stabilized internal voltage V INT to the nonvolatile memory 13. For example, a 
booster circuit may be used. 

The logic circuit 12 is a circuit for controlling the operation of the nonvolatile 
memory 13 and outputs a nonvolatile memory driving signal NCE as a signal for driving 
the nonvolatile memory 13. The nonvolatile memory driving signal NCE is the "H" level 
in an initial state. The nonvolatile memory 13 detects a transition of the nonvolatile 
memory driving signal NCE from the "H" level to the "L" level, thereby equalizing off a 
bit line, driving a word line, performing a series of a read operation such as sense 
amplifying, and an erase or rewrite operation. 

The nonvolatile memory 13 includes a memory cell array includes, for example, 
ferroelectric memory cells and a memory control section for controlling a predetermined 
operation such as a read operation, an erase or rewrite operation with respect to the 
memory cell array. In the nonvolatile memory 13, a memory activation signal R ACT which 
is one of signals for controlling an operation with respect to a memory cell array is the "H" 
level in an initial state. The memory activation signal R ACT is the "L" level during a period 
from a fall of the nonvolatile memory cell driving signal NCE to completion of a series of 
a read, erase or rewrite operation is completed. 

The current consumption control circuit 14 includes an n-channel switch transistor 
Q N1 which receives the memory activation signal R ACT from the nonvolatile memory 13 at 
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the gate and of which source is grounded, and a resistor R 3 of which one terminal is 
connected to the drain of the switch transistor Q N1 and the other terminal is connected to 
the internal voltage V INT . 

A resistance value of the resistor R 3 is set so that the amount of electric current 
5 which the resistor R 3 consumes per unit time is substantially the same as the amount of 
electric current which the nonvolatile memory 13 consumes per unit time in an operation 
state. More specifically, for example, by simulating circuit properties in design in the 
nonvolatile memory 13, the amount of electric current consumption of the nonvolatile 
memory 13 can be obtained. Accordingly, the amount of electric current consumption of 

10 the nonvolatile memory 13 and the resistance value of the resistor R 3 can be set. 

In this case, while the nonvolatile memory 13 is operated, the memory activation 
signal R ACT is the "L" level and the switch transistor Q N1 is in an OFF state. Thus, an 
electric current is not consumed in the current consumption control circuit 14. 

On the other hand, while the nonvolatile memory 13 is not operated, the memory 

15 activation signal R ACT is the "H" level and then the switch transistor Q N1 is in an ON state. 
Thus, the internal voltage V INT flows into the ground via the switch transistor Q N1 . In this 
case, the resistor R 3 serves as a load circuit which consumes an equivalent electric current 
to the amount of electric current which the nonvolatile memory 13 consumes. 

Accordingly, when the nonvolatile memory 13 is in an operation state, the current 

20 consumption control circuit 14 is stopped and the nonvolatile memory 13 consumes a 
predetermined amount of electric current. When the nonvolatile memory 13 is in a non- 
operation state, the current consumption circuit 14 is operated and consumes substantially 
the same amount of electric current as the amount of electric current the nonvolatile 
memory 13 consumes. Thus, the same amount of electric current is consumed when the 

25 nonvolatile memory 13 is in a non-operation state and when the nonvolatile memory 13 is 
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in an operation state. 

As has been described, in the semiconductor memory device of the first 
embodiment, the potential of the internal voltage V, NT is not reduced when an non- 
operation state of the nonvolatile memory 13 is changed to an operation state, so that the 
5 internal voltage V INT is stabilized. 

(Second Embodiment) 

Hereinafter, a semiconductor memory device according to a second embodiment of 
the present invention will be described with the accompanying drawings. 
10 FIG. 2 is a block diagram illustrating the configuration of a semiconductor memory 

device according to the second embodiment. In FIG. 2, each member also shown in FIG. 1 
is identified by the same reference numeral, and therefore, description thereof will be 
omitted. 

As shown in FIG. 2, in the semiconductor memory device of the second 
15 embodiment, a current consumption control circuit 31 has a different configuration from 
that of the current consumption control circuit of the first embodiment and each of a 
voltage reduction circuit 11, a logic circuit 12 and a nonvolatile memory 13 has the same 
configuration as that of the first embodiment. 

In the current consumption circuit 31 of the second embodiment, a switch transistor 
20 Q N1 , a resistor R 4 , and a load adjustment section 32 including resistors and Rg 
connected in series to each other and fuses F l and F 2 connected in parallel to the resistors 
R 5 and R 6 , respectively, are connected in series. In this case, each of the fuses F, and F 2 is 
formed as a fuse which can be cut from the outside of the semiconductor memory device. 

The switch transistor Q N1 receives a memory activation signal R ACT from the 
25 nonvolatile memory 13 at the gate and the source of the switch transistor Q N1 is grounded. 
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In the resistor R 4 , one terminal is connected to the drain of the switch transistor Q N1 and the 
other terminal is connected to a common terminal shared by the resistor and the fuse F,. 
Moreover, a common terminal shared by the resistor and the fuse F 2 is connected to the 
internal voltage V INX . 

5 A resistance value of the resistor R 4 is set so that the amount of electric current 

which the resistor R 4 consumes per unit time is slightly larger than the amount of electric 
current which the nonvolatile memory 13 consumes per unit time in an operation state. 
More specifically, for example, by simulating circuit properties in design in the nonvolatile 
memory 13, the amount of electric current consumption of the nonvolatile memory 13 can 

10 be obtained and then the resistance value of the resistor R 4 can be set from the obtained 
amount of electric current consumption. 

The load adjustment section 32 adjusts a load of the current consumption control 
circuit 31 so that the amount of electric current which the current consumption control 
circuit 31 is substantially the same as the amount of electric current which the nonvolatile 

15 memory 13 consumes. More specifically, after a value for electric current consumed in the 
nonvolatile memory has been actually measured, one or both of the fuses F x and F 2 are cut 
so that the measured electric current value and the amount of electric current consumed in 
the resistor R 4 and the load adjustment section 32 are the same. Thus, the resistor R 4 and 
the load adjustment section 32 can be used as a load circuit which consumes substantially 

20 the same amount of electric current as the amount of electric current consumption of the 
nonvolatile memory 13. 

The amount of electric current consumption of the nonvolatile memory 13 is 
different among chips due to variations in fabrication process steps and variations in a 
wafer surface. Therefore, by adjusting the resistance value of the load adjustment section 

25 32, the amount of electric current consumed in the resistor R 4 and the load adjustment 



15 



section 32 can be adjusted according to the amount of electric current consumption of each 
chip. 

Note that in the second embodiment, the load adjustment section 32 includes two 
parallel circuits in which a resistor and a fuse are connected in parallel to each other. 
5 However, the number of parallel circuits in which a resistor and a fuse are connected in 
parallel to each other is not limited to two. If more circuits in which a resistor and a fuse 
are connected in parallel to each other are provided, a more detail setting becomes possible. 
Accordingly, the amount of electric current consumed in the resistor R 4 and the load 
adjustment section 32 can be more reliably adjusted. 

10 Moreover, the configuration of the load adjustment section 32 is not limited to the 

configuration in which the resistor R 4 and the load adjustment section 32 are connected to 
the drain side of the switch transistor Q N1 in this order, but the load adjustment section 32 
may have some other configuration as long as each of the resistor R 4 and the load 
adjustment section 32 is connected in series to the switch transistor. 

15 As has been described, according to the second embodiment, an adjustment can be 

reliably made so that the amount of electric current which the current consumption control 
circuit 31 consumes in an operation state is the same as the amount of electric current 
which the nonvolatile memory 13 consumes in an operation state. 

20 (Third Embodiment) 

Hereinafter, a semiconductor memory device according to a third embodiment of 
the present invention will be described with reference to the accompanying drawings. 

FIG. 3 is a block diagram illustrating the configuration of a semiconductor memory 
device according to the third embodiment. In FIG. 3, each member also shown in FIGS. 1 
25 and 2 is identified by the same reference numeral, and therefore, description thereof will be 
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omitted. 

As shown in FIG. 3 5 in the semiconductor memory device of the third embodiment, 
a current consumption control circuit 41 has a different configuration from that of the 
current consumption control circuit of the first embodiment and each of a voltage reduction 
5 circuit 11, a logic circuit 12 and a nonvolatile memory 13 has the same configuration as 
that of the first embodiment. 

In the current consumption circuit 41 of the third embodiment, a switch transistor 
Q N1 , a resistor R 4 and a load adjustment section 42 including resistors R 5 and R 6 connected 
in series to each other and p-channel transistors Q P2 and Q P3 connected in parallel to the 
10 resistors R 5 and R*, respectively, are connected in series. Moreover, latch circuits 43 and 
44 for storing a predetermined data are connected to the p-channel transistors Q P2 and Q P3 , 
respectively. 

The switch transistor Q N1 receives a memory activation signal R ACT from the 
nonvolatile memory 13 at the gate and the source of the switch transistor Q N1 is grounded. 

15 In the resistor R 4 , one terminal is connected to the drain of the switch transistor Q N1 and the 
other terminal is connected to a common terminal shared by the resistor Rj and the p- 
channel transistor Q P2 . Moreover, a common terminal shared by the resistor R 6 and the p- 
channel transistor Q P3 is connected to the internal voltage V INT . 

A resistance value of the resistor R 4 is set so that the amount of electric current 

20 which the resistor R 4 consumes per unit time is slightly larger than the amount of electric 
current which the nonvolatile memory 13 consumes per unit time in an operation state. 
More specifically, for example, by simulating circuit properties in design in the nonvolatile 
memory 13, the amount of electric current consumption of the nonvolatile memory 13 can 
be obtained and the resistance value of the resistor R 4 can be set from the obtained amount 

25 of electric current consumption. 
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The load adjustment section 42 adjusts a load of the current consumption control 
circuit 41 so that the amount of electric current which the current consumption control 
circuit 41 consumes is substantially the same as the amount of electric current which the 
nonvolatile memory 13 consumes. 
5 More specifically, after a value for electric current consumed in the nonvolatile 

memory has been actually measured, necessary correction data is first written in a 
predetermined region of the nonvolatile memory 13 in advance, based on the measured 
electric current value, so that the amount of electric current consumption of the nonvolatile 
memory 13 substantially corresponds to the amount of electric current consumed in the 

10 resistor R 4 and the load adjustment section 42. 

Next, after a power supply has been input to the semiconductor memory device, the 
correction data from the nonvolatile memory 13 is stored in the latch circuits 43 and 44. 
Thus, based on the data stored in the latch circuits 43 and 44, one or both of the p-channel 
transistors Q P2 and Q P3 are cut, so that the resistance value of the load adjustment section 

15 42 is adjusted. Therefore, the resistor R 4 and the load adjustment section 42 can be used as 
a load circuit which consumes substantially the same amount of electric current as the 
amount of electric current consumption of the nonvolatile memory 13. 

The amount of electric current consumption of the nonvolatile memory 13 is 
different among chips due to variations in fabrication process steps and variations in a 

20 wafer surface. Therefore, by adjusting the resistance value of the load adjustment section 
42, the amount of electric current consumed in the resistor R 4 and the load adjustment 
section 42 can be adjusted according to the current consumption amount of each chip. 

Note that in the third embodiment, the load adjustment section 42 includes two 
parallel circuits in which a resistor and a p-channel transistor are connected in parallel to 

25 each other. However, the number of parallel circuits in which a resistor and a p-channel 
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transistor are connected in parallel to each other is not limited to two. If more circuits in 
which a resistor and a p-channel transistor are connected in parallel to each other are 
provided, a more detail setting becomes possible. Accordingly, the amount of electric 
current consumed in the resistor R 4 and the load adjustment section 42 can be more 
5 reliably adjusted. 

Moreover, the configuration of the load adjustment section 42 is not limited to the 
configuration in which the resistor R 4 and the load adjustment section 42 are connected to 
the drain side of the switch transistor Q N1 in this order, but the load adjustment section 42 
may have some other configuration, as long as the resistor R 4 and the load adjustment 
10 section 42 are connected to the switch transistor in series. 

As has been described, according to the third embodiment, an adjustment can be 
reliably made so that the amount of electric current which the current consumption control 
circuit 41 consumes in an operation state is the same as the amount of electric current 
which the nonvolatile memory 13 consumes in an operation state. 

15 

(Fourth Embodiment) 

Hereinafter, a semiconductor memory device according to a fourth embodiment of 
the present invention will be described with reference to the accompanying drawings. 

FIG. 4 is a block diagram illustrating the configuration of a semiconductor memory 
20 device according to the fourth embodiment. In FIG. 4, each member also shown in FIG. 1 
is identified by the same reference numeral, and therefore, description thereof will be 
omitted. 

As shown in FIG. 4, in the semiconductor memory device of the fourth 
embodiment, a current consumption control circuit 51 has a different configuration from 
25 that of the current consumption control circuit of the first embodiment. The current 



consumption control circuit 51 receives the memory activation signal R ACT from the 
nonvolatile memory 13 at the gate and includes a p-channel switch transistor Q P4 of which 
source is connected to the internal voltage V INT and a resistor R 3 of which one terminal is 
connected to the drain of the switch transistor Q P4 and the other terminal is grounded. 
5 A resistance value of the resistor R 3 is set so that the amount of electric current 

which the resistor R 3 consumes for unit hour substantially corresponds to the amount of 
electric current which the nonvolatile memory 13 consumes per unit time in an operation 
state. 

In the fourth embodiment, a memory activation signal R ACT output from the 
10 nonvolatile memory 13 is the "L" level in an initial state. The memory activation signal 
R ACX is the "H" level during a period from a rise of the nonvolatile memory driving signal 
NCE to completion of a series of a read, erase or rewrite operation. 

Accordingly, while the nonvolatile memory 13 is operated, the memory activation 
signal R ACT is the "H" level and the switch transistor Q P4 is in an OFF state. Thus, an 
15 electric current is not consumed in the current consumption control circuit 51. 

On the other hand, while the nonvolatile memory 13 is not operated, the memory 
activation signal R ACr is the "L" level and then the switch transistor Q P4 is in an ON state. 
Thus, the internal voltage V 1NT flows into the ground via the switch transistor Q P4 , so that 
the resistor R 3 consumes an amount of electric current which substantially corresponds to 
20 the amount of electric current which the nonvolatile memory 13 consumes. 



(Fifth Embodiment) 

Hereinafter, a semiconductor memory device according to a fifth embodiment of 
the present invention will be described with reference to the accompanying drawings. 
25 FIG. 5 is a block diagram illustrating the configuration of a semiconductor memory 
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device according to the fifth embodiment. In FIG. 5, each member also shown in FIGS. 2 

i 

and 4 is identified by the same reference numeral, and therefore, description thereof will be 
omitted. 

As shown in FIG. 5, in a current consumption control circuit 61 of the fifth 
5 embodiment, a switch transistor Q P45 a resistor R 4 , and a load adjustment section 32 
including resistors R 5 and connected in series to each other and fuses F, and F 2 
connected in parallel to the resistors Rs and R 6 , respectively, are connected in series. In 
this case, each of the fuses Fj and F 2 is formed as a fuse which can be cut from the outside 
of the semiconductor memory device. 
10 In this case, as in the fourth embodiment, while the nonvolatile memory 13 is 

operated, the memory activation signal R ACT is the "H" level and then the switch transistor 
Q P4 is in an OFF state. While the nonvolatile memory 13 is not operated, the memory 
activation signal R ACT is the "L" level and then the switch transistor Q P4 is in an ON state. 

Moreover, as in the second embodiment, the load adjustment section 32 adjusts a 
15 load of the current consumption control circuit 61 so that the amount of electric current 
which the current consumption control circuit 61 consumes is substantially the same as the 
amount of electric current which the nonvolatile memory 13 consumes. 

In the fifth embodiment, as in the same manner as that of the second embodiment, a 
difference between the amount of electric current which the nonvolatile memory 13 
20 consumes in an operation state and the amount of electric current which the current 
consumption control circuit 61 consumes in an operation state can be reliably adjusted. 



(Sixth Embodiment) 

Hereinafter, a semiconductor memory device according to a sixth embodiment of 
25 the present invention will be described with reference to the accompanying drawings. 
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FIG. 6 is a block diagram illustrating the configuration of a semiconductor memory 
device according to the sixth embodiment. In FIG. 6, each member also shown in FIGS. 3 
and 4 is identified by the same reference numeral, and therefore, description thereof will be 
omitted. 

5 As shown in FIG. 6, a switch transistor Q P4 , a resistor R 45 and a load adjustment 

section 42 including resistors R 5 and R 6 connected in series to each other and p-channel 
transistors Q P2 and Q P3 connected in parallel to the resistors and R 6 , respectively, are 
connected in series. 

In this case, as in the fourth embodiment, while the nonvolatile memory 13 is 
10 operated, the memory activation signal R ACT is the "H" level and then the switch transistor 
Q P4 is in an OFF state. While the nonvolatile memory 13 is not operated, the memory 
activation signal R ACT is the "L" level and then the switch transistor Q P4 is in an ON state. 

Moreover, the load adjustment section 42 writes correction data in the nonvolatile 
memory 13, thereby adjusting a load of the current consumption control circuit 71 so that 
15 the amount of electric current which the current consumption control circuit 71 is 
substantially the same as the amount of electric current which the nonvolatile memory 13 
consumes. 

In the sixth embodiment, as in the same manner as that of the third embodiment, a 
difference between the amount of electric current which the nonvolatile memory 13 
20 consumes in an operation state and the amount of electric current which the current 
consumption control circuit 71 consumes in an operation state can be reliably adjusted. 

(Seventh Embodiment) 

Hereinafter, an IC card according to a seventh embodiment of the present invention 
25 will be described with reference to the accompanying drawings. 
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FIG. 7 is a block diagram illustrating an IC card according to the seventh 
embodiment, in FIG. 7, each member also shown in FIG. 1 is identified by the same 
reference numeral, and therefore, description thereof will be omitted. 

As shown in FIG. 7, an antenna coil 81 for receiving an electromagnetic wave from 
5 the outside, a resonance capacitance C x connected in parallel to the antenna coil 81 so as to 
resonate with the frequency of an electromagnetic wave, a rectifier circuit 82 for 
generating a power supply voltage V DD from an output of the antenna coil 81, and a 
smoothing capacitance C 2 are provided. The power supply voltage V DD is supplied to a 
voltage reduction circuit 11 as well as an analog circuit 83 and a digital circuit 84. 

10 The power supply voltage V DD obtained via the antenna coil 81 has a larger voltage 

level than those of operation voltages of a nonvolatile memory 13 and a logic circuit 12 
which controls the operation of the nonvolatile memory 13. Therefore, an internal voltage 
V INT obtained by reducing the power supply voltage V DD is supplied to the logic circuit 12 
and the nonvolatile circuit 13 via the voltage reduction circuit 11. 

15 An analog circuit 83 has the function of composing received data and a control 

signal input from the antenna coil 81 and the function of modulating transmission data and 
a control signal generated by the digital circuit 84 to a carrier wave of an electromagnetic 
wave. Moreover, the digital circuit 84 includes a CPU for processing a digital signal based 
on the control signal input from the antenna coil 81 via the analog circuit 83 and the like, 

20 and controls the operation of the logic circuit 12 based on the control signal input from the 
antenna coil 81 via the analog circuit 83. 

In the IC card of the seventh embodiment, as in the first embodiment, a current 
consumption control circuit 14 including a switch transistor Q N1 and a resistor R 3 is 
provided as a circuit for suppressing reduction in the potential of the internal voltage V 1NX 

25 due to the operation of the nonvolatile memory 13. The operation of the current 
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consumption control circuit 14 is the same as that in the first embodiment, and therefore, 
description thereof will be omitted. 

In the IC card of the seventh embodiment, the potential of the internal voltage V INT 
is not reduced even when the nonvolatile memory 13 is in an operation state, so that the 
5 internal voltage V INT can be stabilized. Specifically, in an IC card, since an area in which a 
semiconductor device can be loaded is limited, it has been difficult to use a capacitor with 
a large device area and a large capacity for suppressing reduction in the potential of the 
internal voltage V INT generated when an operation state of the nonvolatile memory 13 is 
changed to an operation state. However, with the current consumption circuit 14, increase 
10 in an layout area of an semiconductor device can be avoided. 

Note that in the seventh embodiment, the current consumption control circuit of the 
first embodiment is used. However, any one of the current consumption control circuits of 
the second through sixth embodiments may be used. 

15 
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